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The effects of the addition of 0,5 9 phosphorus m-2 [Ca3(P04b]' 5 9 nitrogen m-2 (NH4N03) and a mixture of all 
essential nutrients excluding Nand P (M) on above-ground phytomass (biomass plus necramass) and 
nitrogen and phosphorus contents of the representative plant growth forms of sand-plain lowland fynbos 
vegetation at Pella, south-western Cape, were studied. One year after fertilizer addition, significant increases 
in the biomass of annuals were found in the fertilized plots. The biomass of graminoids tended to increase with 
the addition of Nand P, compared with those in the unfertilized plots. No significant differences in the biomass 
of the total vegetation and the major growth-form categories (ericoid, restioid and proteoid) were found. 
However, total necromass tended to increase in response to the fertilizer additions. Phosphorus 
concentrations tended to increase in the phytomass of all growth forms in response to P addition. Herbaceous 
plants showed a greater growth increase and nutrient uptake in response to nutrient additions, than the 
shrubs, indicating that these species are more plastic in their responses to nutrient additions than the shrubs. 
Die invloed van die byvoeging van 0,5 9 fosfor m-2 [Ca3(P04b]' 5 9 stikstof m-2 (NH4N03) en 'n mengsel van 
aile essensiele voedingstowwe uitsluitende N en P (M), op die bogrondse fitomassa (biomassa en nekro-
massa) en voedingstofinhoud van die verteenwoordigende groeivorme van sandvlakte laaglandfynbos-
plantegraei by Pella, Suidwes-Kaap, was bestudeer. Een jaar na byvoegings van voedingstowwe was 
betekenisvolle toenames in biomassa van eenjarige plante in die persele met voedingstof-byvoegings gevind. 
Die biomassa van die grasagtiges het geneig om toe te neem met die byvoegings van N en P in vergelyking 
met die van die persele met geen voedingstof-byvoegings nie. Geen betekenisvolle verskille in biomassa van 
die totale plantegroei en van die hoof groeivormkategoriee (eriko'led, restio'led en proteo'led) was gevind nie. 
Totale nekromassa het egter geneig om toe te neem met voedingstof-byvoegings. Plant-fosfor-konsentrasie 
het geneig om toe te neem met fosfor-byvoegings in die fitomassa van aile groeivorme. Kruidagtige plante het 
'n grater toename in groei en voedingstof-opname vertoon in reaksie tot voedingstof-byvoegings as die 
struike. Dit dui daarop dat hierdie spesies meer plasties in hul reaksies tot voedingstof-byvoegings is as die 
struike. 
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Introduction 
Although phytomass and major nutrient pools have been 
determined in an ll-year-old lowland fynbos (Low 1983) 
and 12- and 21-year-old post-fire mountain fynbos com-
munities (van Wilgen & Le Maitre 1981), the effects of 
nutrient additions on phytomass in the field have not 
been investigated. Soil nutrients, particularly phosphor-
us, have been shown to limit vegetation productivity in 
edaphically similar mediterranean and other heathlands 
of Australia (Specht 1963; Heddle & Specht 1975) . Over 
a period of 20 years, applications of 13,4 g phosphorus 
m-2 to an Australian heathland resulted in a complete 
change in species and growth form composition from 
predominantly sclerophyllous evergreen shrubs to 
herbaceous species (Heddle & Specht 1975). Applica-
tions of nitrogen and nitrogen plus phosphorus to 
mediterranean shrublands of the Californian chaparral 
resulted in increased proportions of annuals and 
graminoids (McMaster et al.1982). 
hemicryptophytes of the Restionaceae on nutrient-poor, 
acidic, sandy soils (Witkowski & Mitchell 1987) . During 
a fire, the vegetation, surface litter and the organic 
matter in the surface soil layer are combusted, with the 
vegetation and litter remains deposited as ash on the soil 
surface. Thereafter plant-available forms of phosphorus 
and nitrogen are significantly higher in the soil for only 
approximately 4-9 months after the fire (Brown & 
Mitchell 1986; Stock & Lewis 1986). Fynbos vegetation 
biomass reaches a peak from 5-30 years after a fire and 
varies with age and vegetation type (Kruger 1977; van 
Wilgen 1982). 
Lowland and mountain fynbos vegetation is a fire-
adapted and fire-dependent vegetation (van Wilgen 
1982) dominated by evergreen sclerophyllous shrubs and 
It has been hypothesized that plants adapted to 
nutrient-poor soils have slow growth rates which do not 
increase when nutrient availability is increased 
(Clarkson 1967) . During periods of increased nutrient 
availability, these plants store nutrients (luxury 
consumption) which are used during periods of reduced 
availability (Stock et al. 1987) . This paper reports on the 
effects of the addition of nitrogen (N), phosphorus (P) 
and thirdly a mixture of all essential nutrients excluding 
Nand P (M) on above-ground phytomass, nitrogen and 
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phosphorus contents of the representative plant growth 
forms in a 4--5-year-old sand-plain lowland fynbos eco-
system at Pella, south-western Cape. The hypotheses 
tested in this paper are firstly, that above-ground 
phytomass of the various plant growth forms at Pella are 
nutrient limited , and secondly to test Clarkson's (1967) 
hypothesis. 
The study area 
The study site was the CSIR fynbos biome intensive 
study site at Pella, on the Burgherspost Farm (33° 31' S, 
18° 32' E; 160-220 m altitude; 269 ha) 62 km north of 
Cape Town on the western Cape coastal forelands . It has 
a typical mediterranean climate with warm dt;y summers 
and predominantly winter rainfall. Mean annual temper-
ature is 17,3°C and mean annual rainfall at the site is 
522 mm. The study site has a gentle 5° easterly slope. 
The soil in the study area is a leached aeolian sand of 
the Clovelly soil form, Geelhout series (MacVicar et al. 
1977) of approximately 2 m depth. This soil is low in 
both total and available phosphorus and nitrogen, the 
highest concentrations of which occur at the surface 
(Mitchell et al. 1984; Stock & Lewis 1986). The decom-
position of plant litter between fires, and nitrogen and 
phosphorus turnover is very slow (Mitchell et at. 1986). 
The soil is acidic (pH 4,1-5,1) , with low organic matter 
content (0,5-1,5%) and consists predominantly of 
medium-textured sand. 
The vegetation is described as a Leucospermum 
parile-Thamnochortus punctatus mid-high open shrub-
land of Phylica cephalantha fynbos (Boucher & 
Shepherd 1988). This vegetation is typically dominated 
by ericoid, narrow leptophyllous, evergreen divaricately 
branched shrubs and rhizomatous hemicryptophytes. 
Shrubs of the Proteaceae are the third most important 
growth form . Important ericoid species were the 
resprouting Phylica cephalantha Sonder, P. stipularis L. 
(Rhamnaceae), Griesbachia plumosa (Klotzsch) 
(Ericaceae) and Aspalathus albens L. (Fabaceae) and 
the seed-regenerating Metalasia adunca Less. and 
Lachnospermum fasciculatum (Thunb .) Baillon (Aster-
aceae). Proteaceae consisted predominantly of the 
obligate reseeder Leucospermum parile (Salisb. ex 
J .Knight) Sweet which germinates during the winter-
spring period after fire and grows relatively slowly for 
the first 2-3 years, after which it becomes more domin-
ant (Hoffman et al. 1987). Common examples of the 
Restionaceae were Thamnochortus punctatus Pill. , 
Staberoha distachya (Rottb.) Kunch, Cannomois parvi-
flora (Thunb.) Pill. and Callopsis impolitus (Kunch) 
Linder. Lowland fynbos is more uniform in composition 
than mountain fynbos because of the uniformity of the 
terrain compared to that in the mountains (Boucher 
1983). 
Materials and Methods 
A complete factorial field fertilizer study was initiated at 
the Pella site during September 1984. Plots, 10 x 5 m in 
size, and separated by 5-m wide strips were amended 
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with 0,5 g phosphorus m-2 [Ca3(P04hL 5 g nitrogen m-2 
(NH4N03) and a mixture of all essential nutrients 
excluding Nand P . The amounts of P and N added were 
the approximate amounts returned to the soil after a 
moderate-intensity wildfire at Pella in November 1980 
(Brown & Mitchell 1986; Stock & Lewis 1986) . All 
other nutrients were based on a Long Ashton nutrient 
solution in proportion to the Nand P additions (Table 
1). Four replicate plots of each addition were layed out 
at random in a grid pattern (8 x 4) and four additional 
control plots were positioned at the corners. Nutrients 
were added in spring, on the 15-17 September 1984. 
Above-ground phytomass (biomass and necromass) was 
harvested in September 1985, 1 year after fertilizer 
addition, from four of the fertilizer additions, namely : 
unfertilized control (C) , nitrogen only (N) , phosphorus 
only (P) and a mixture of all essential nutrients excluding 
Nand P (M). Phytomass was harvested from 5-m2 (2,5 x 
2-m) subplots positioned in the SE corner of each plot. 
Plant material rooted in the plot was clipped as close to 
the soil surface as possible and subdivided into ericoid , 
restioid, proteoid , graminoid, succulents, annuals , 
geophytes and other. The ericoid, restioid , proteoid and 
graminoid phytomass were separated into live and dead 
components. Dead vegetation (necromass) consisted of 
dead branches and standing dead plants but not litter. 
Restioid and proteoid phytomass consisted only of 
Restionaceae and Proteaceae respectively. Ericoid 
biomass consisted of shrubs with 'ericoid'-like leaves , 
i.e. small needle-like leaves. The graminoid phytomass 
consisted of examples from the Poaceae and Cypera-
ceae. 
Plant material was oven-dried at 80°C in a forced-
draught oven for 7 days and weighed. All plant material 
was ground in a Wiley mill to 10 mesh , thoroughly mixed 
and a 100-g subsample ground further to 40 mesh for the 
chemical analyses . The phosphorus concentration was 
Table 1 Chemicals used as nutrient 
sources and application levels onto 4-
year-old post-fire sand-plain lowland 
fynbos vegetation at Pella, South Africa 
Application level 
Nutrient Chemical sources (g m·2) 
N NH4N03 5,0 
p Ca3(P04h 0,5 
K K2SO" 1 ,9 
Mg MgSO.* 0,44 
Ca CaCl2 1,95 
Na NaCI 0,38 
Fe Fe citrate 5H2O 0,069 
Mn MnS044H20 ' 0,007 
B H3B03 0,006 
Zn ZnS047H20* 0,0009 
Cu CuS045H20* 0,0007 
S 'Sulphur sources 0,59 
'Sulphur sources 
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determined on 0,1 g of plant material and digested by the 
method of Jackson (1958). The phosphate concentration 
of the digest was determined colorimetrically (Murphy & 
Riley 1962). For total nitrogen, 0,1 g plant material was 
digested using standard Kjeldahl procedures with 
selenium catalyst. Both salicylic acid and sodium 
thiosulphate were added to convert all nitrate and nitrite 
to ammonium which was determined colorimetrically 
(Smith 1980). All nitrogen and phosphorus analyses 
were performed in triplicate. 
Differences between treatments in biomass and necro-
mass, nitrogen and phosphorus content and concen-
tration , of each growth form , were analysed by one-way 
analysis of variance. Biomass and necromass and 
Table 2 Above-ground biomass (live) and 
necromass (dead) (kg ha-1) of various components 
of 5-year-old sand-plain lowland fynbos vegetation at 
Pella, south-western Cape in unfertilized control (C), 
phosphorus (P), nitrogen (N) and a mixture of all 
essential nutrients excluding N- and P- (M) amended 
plots, 1 year after fertilizer additions. Values are 
means ± S.E.M. NS denotes not significant 
G rowth 
fo rm 
E ricoid 
(live) 
Ericoid 
(dead) 
Restioid 
(live) 
Restioid 
(dead) 
Proteoid 
(live) 
Proteoid 
(dead) 
Graminoid 
(live) 
Graminoid 
(dead) 
Succulent 
Annuals 
Treatments 
c P N M F d.f. p 
2753 3899 4277 5068 0,94 3,12 NS 
± 571 ± 1207 ± 665 ± 1245 
754 1092 1529 1020 1,40 3,12 NS 
± 352 ± 158 ± 180 ± 390 
3350 2210 2310 1910 1,69 3,12 NS 
± 350 ±420 ± 580 ± 340 
364 
± 94 
520 
± 219 
± 1 
35 
± 9 
19 
±3 
33 
± 31 
1,4 
174 219 844 0,75 3,12 NS 
± 81 ± 113 ± 46 
46 460 3, 13 3 ,12 <0,10 2 
± 2 ± 21 ± 377 
7 
± 7 
76 
14 
± 8 
77 
±30 ± 28 
33 28 
± 13 ± 14 
14 
4 0,39 3,12 NS 
±4 
20 2,81 3,12 <0 ,10 
±5 
8 0,96 3,12 NS 
± 4 
34 0 ,62 3,12 NS 16 
±1O ±8 ±13 
5,7 10 11 3,59 3,12 <0,05 
±0,4 ±2,7 ±5,4 ±2,4 
Geophytes 9,4 2,5 11 5,9 0 ,32 3,12 NS 
Other 
Total 
(live) 
Total 
(dead) 
± 5,4 ±1 ,3 ±8,5 ±2,8 
35 
± 16 
64 98 186 2,74 3,12 NS 
± 26 ± 37 ±74 
6737 6272 6839 7697 0,29 3,12 NS 
±453 ±670 ±1068 ±1260 
1138 1306 1787 1880 1 ,15 3,12 NS 
± 341 ±138 ±226 ±566 
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nitrogen and phosphorus contents were log transformed 
prior to statistical analyses . 
Results 
The ericoid and restioid groups are the largest 
components of 5-year-old sand-plain lowland fynbos at 
Pella and together make up 91-97% of the total biomass 
and 97-99% of total necromass (Table 2). Total 
biomass was not significantly different between treat-
ments (Table 2) and was lowest in the P-amended plots 
(6272 kg ha-') and greatest in the M treatment (7697 kg 
ha-1). The proportion of necromass as a percentage of 
total phytomass in the control plots was only 14,5% 
Table 3 Phosphorus content (g phosphorus ha-1) 
of above-ground biomass (live) and necromass 
(dead) of various components of 5-year-old sand-
plain lowland fynbos vegetation at Pella in 
unfertilized control (C), phosphorus (P), nitrogen (N) 
and a mixture of all essential nutrients excluding N-
and P- (M) treated plots, 1 year after nutrient 
additions. Values are means ± S.E.M. NS denotes 
not significant 
Growth 
form 
Ericoid 
(live) 
Ericoid 
(dead) 
Restioid 
(live) 
Restioid 
(dead) 
Proteoid 
(live) 
Proteoid 
(dead) 
Graminoid 
(live) 
Treatments 
c p N M F d.f. p 
740 1251 972 1385 0,93 3,12 NS 
±95 ±424 ± 121 ± 413 
72 188 
±26 ±29 
579 510 
183 
±25 
838 
107 2,98 3,12 <0,10 
± 41 
± 115 ± 108 ± 100 
107 2,04 3,12 NS 
± 51 
24 22 
± 7 ± 13 
231 0 ,7 
±116 ± 0,7 
0,1 2,2 
20 
± 9 
17 
67 0,59 3,12 NS 
±36 
211 3,29 3,12 <0,10 
±8 ±163 
2,1 1,0 0,49 3,12 NS 
±0,1 ±2,2 ± 1,4 ±1,0 
10 
±4 
20 
±6 
18 8,6 1,33 3,12 NS 
±8 ±1 ,4 
Graminoid 2,6 4,3 6 ,2 1,4 0,76 3,12 NS 
(dead) ± 0,6 ± 1,8 ±4,3 ±0,5 
Succulent 11 12 5 ,4 17 0,63 3,12 NS 
±11 ±7,5 ±3,1 ±6,8 
Annuals 0,6 2,5 3 ,0 6,0 3,50 3,12 <0 ,05 
±0,1 ±1 ,2 ±1,4 ±2,2 
Geophytes 3,5 1,2 2,3 3,5 0,37 3,12 NS 
Other 
Total 
(live) 
Total 
(dead) 
±1,8 ±0,6 ±1 ,6 ±2 ,2 
11 
±5 
28 
±12 
30 
±14 
75 4,22 3,12 <0,05 
±24 
1586 1825 1384 2030 0,75 3,12 NS 
±111 ±321 ±158 ±482 
99 217 211 
±22 ±18 ±33 
176 2,76 3,12 <0 ,10 
±59 
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compared with 17,2-20,7 in the nutrient-amended plots. 
Few significant differences in biomass and necromass of 
the various growth forms were found between treat-
ments (Table 2) . Although significant differences in 
proteoid biomass were found between treatments 
(P<O,lO; Table 2), this was due to the absence of the 
dominant proteoid shrub, L. pari/e, in the P-amended 
plots. Annual plant biomass was significantly different 
between treatments and was highest in the three ferti-
lizer treatments (Table 2). Graminoid biomass was 
approximately twice that of the control in the N- and P-
amended plots . 
Total phosphorus content of the live vegetation was 
lowest in the N treatment (1,4 kg ha- i ) and greatest for 
the P and M treatments (1,8 and 2,0 kg ha·1 respectively; 
Table 4 Phosphorus concentration (fL9 phosphor-
us g-1 dry mass) of above-ground biomass (live) and 
necromass (dead) of various components of 5-year-
old sand-plain lowland fynbos vegetation at Pella, 
south-western Cape, in unfertilized control (C), 
phosphorus (P), nitrogen (N) and a mixture of all 
essential nutrients excluding N- and P- (M) amended 
plots, 1 year after nutrient additions. Values are 
means ± SEM. NS denotes not significant and -
denotes not determined due to insufficient 
replication 
Growth 
form 
Ericoid· 
(Jive) 
Ericoid 
(dead) 
Restioid 
(Jive) 
Restioid 
(dead) 
Proteoid 
(Jive) 
Proteoid 
(dead) 
Treatments 
c p N 
281 323 231 
± 28 ± 28 ± 18 
112 
± IO 
168 
178 
± 16 
235 
± 9 ± 15 
67 
± 3 
422 
± 34 
100 
101 
±11 
400 
291 
119 
± 7 
145 
± 8 
94 
±6 
346 
± 19 
235 
±23 
M F d.f. p 
277 2,39 3,12 NS 
± 35 
110 2,51 3,12 NS 
± 7 
173 4,01 3,12 <0,05 
±8 
94 1,23 3,12 NS 
±8 
515 2,40 2 ,6 NS 
±27 
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Graminoid 264 351 219 
±9 
500 2,55 3,12 NS 
(Jive) ± 24 ±47 ±61 
Graminoid 136 134 
±15 
192 193 1,05 3,12 NS 
( dead) 
Succulent 
Annuals 
±12 
347 
±35 
428 
±20 ±21 
738 397 498 9,34 3,6 <0,05 
± 8 ±39 ±31 
487 400 537 0,97 3,12 NS 
±60 ±94 ± 20 ±53 
Geophytes 399 488 281 583 2,69 3,12 NS 
±37 ±23 ±32 ±73 
Other 320 421 285 454 2,37 3,12 NS 
±59 ±39 ± 20 ±52 
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Table 3). Significant differences in total necromass phos-
phorus content were found between treatments 
(P<O,lO). Phosphorus content of the necromass makes 
up only 6% of the total phosphorus in the control plots 
compared with 8-13% in the fertilizer treatments. 
Significant differences in phosphorus content were found 
between treatments for annuals, which were 4-10 times 
greater in the three fertilizer treatments compared with 
the control (Table 3). Significant differences in 
phosphorus concentration were found between treat-
ments for restioid and succulent biomass (Table 4). 
Mean phosphorus concentrations were higher in all 
growth forms sampled in the P-amended plots except for 
proteoid shrub (live), graminoid (live and dead), 
Table 5 Nitrogen content (kg nitrogen ha-1) of above-
ground biomass (live) and necromass (dead) of various 
components of 5-year-old sand-plain lowland fynbos 
vegetation at Pella, south-western Cape, in unfertilized 
control (C), phosphorus (P), nitrogen (N) and a mixture 
of all essential nutrients excluding N- and P- (M) amen-
ded plots, 1 year after nutrient additions. Values are 
means ± SEM. NS denotes not significant 
Growth 
form 
Ericoid 
(live) 
Ericoid 
(dead) 
Treatments 
c P N M F d.f. p 
28 ,53 43,66 35 ,86 64 ,13 1.31 3,12 NS 
±7,28 ± 14,22 ±4,62 ±19,45 
3,79 8,29 9 ,09 4 ,31 3,43 3 ,12 <0,05 
± 1,1 ± 1,6 ± 1,3 ± 1,3 
Restioid 16,76 9,44 10,85 8,91 2,21 3,12 NS 
(live) 
Restioid 
(dead) 
Proteoid 
(Jive) 
Proteoid 
(dead) 
±3,2 ± 1,6 ±2,5 
1,06 1,51 
± 0,5 
2 ,40 
0 ,63 
± 0 ,4 ±0,5 
0,012 0 ,24 
±1,0 
2,83 1,12 3,12 NS 
±1,6 
2,19 2,76 3, 12 <0 ,10 
± 0 ,95 ± 0,012 ±0,14 ±1,76 
0 ,005 0,D38 0 ,081 0,026 0 ,79 3,12 NS 
±0,005 ± 0 ,038 ± 0 ,054 ±0,026 
Graminoid 0,25 0,40 0,44 0 ,13 1,75 3,12 NS 
(live) ±0,08 ±0,14 ±0,15 ±0,D3 
Graminoid 0,06 0,13 0 ,16 0,03 1,21 3,12 NS 
(dead) ±0,008 ± 0 ,06 ±0,09 ±0,01 
Succulent 0 ,44 0,22 0,15 0,49 0,40 3,12 NS 
± 0,42 ± 0,13 ±0,09 ±0,27 
Annuals 0,011 0,059 0,115 0 ,118 1,63 3,12 NS 
±0,003 ±0,027 ±0,075 ±0,D33 
Geophytes 0 ,114 0,025 0 ,110 0,065 0,52 3,12 NS 
Other 
Total 
(Jive) 
Total 
(dead) 
±0,062 ±0,014 ±0,09 ±0,03 
0,36 0,88 0 ,78 1,46 2,15 3,12 NS 
±0,07 ± 0 ,48 ±0,40 ±0,43 
48 ,86 54,71 48 ,54 77,50 0,98 3,12 NS 
±5,9 ±11,1 ±6,3 ±17,6 
5,36 9,09 10,39 7,20 2 ,09 3,12 NS 
±0,71 ±1,25 ±1 ,75 ±2,28 
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annuals, geophytes and other, in all of which M addition 
resulted in higher phosphorus concentrations . Nitrogen 
addition depressed the mean phosphorus concentrations 
in the biomass of all growth forms, except succulents, 
compared to that in the unfertilized plots. Shoot 
phosphorus concentration of N-amended L. parde 
shrubs were also depressed (Witkowski 1988). Ericoid, 
proteoid and restioid necromass exhibited only 
approximately half the phosphorus concentration of the 
corresponding biomass . 
The nitrogen content of the above-ground total 
biomass and necromass ranged between 49-78 kg ha- 1 
and 5-10 kg ha-1 respectively (Table 5). Mean 
neGromass nitrogen content was greater in the three 
fertilizer treatments than the control. The proportion of 
total nitrogen found in necromass was 9,9% in the 
control compared with 17,6% in the N-amended plots. 
Table 6 Nitrogen concentration (mg N g-1 dry 
mass) of above-ground biomass (live) ·and 
necromass of various components of 5-year-old 
sand-plain lowland fynbos vegetation at Pella, south-
western Cape in unfertilized control (C), phosphorus 
(P), nitrogen (N) and a mixture of all essential 
nutrients excluding N- and P- (M) amended plots, 1 
year after nutrient additions. Values are means ± 
SEM. NS denotes not significant and - not 
determined due to insufficient replication 
Growth 
form 
Ericoid 
(live) 
Ericoid 
(dead) 
Restioid 
(live) 
Restioid 
( dead) 
Proteoid 
(live) 
Proteoid 
(dead) 
Treatment 
c P N M F d.f. p 
10,3 11 ,2 8,5 12,4 6,01 3,12 <0,01 
±0,7 ±0,4 ±0,6 ±1,1 
6,4 7,9 6,1 5,6 0,41 3,12 NS 
±1,8 ±1,9 ±2,0 ±1,5 
4,9 4,3 4,8 4,9 0,37 3,12 NS 
±0,7 ±0,2 ±0,3 ±0,5 
4,2 3,2 5,2 4,7 2,06 3,12 NS 
±0,4 ±0,4 ±0,3 ±1,0 
4,8 6,9 6,0 5,1 3,50 2,6 <0 ,10 
±0,4 
4,4 5,] 
±0,3 ±0,3 
8,9 
±1,7 
6,0 
Graminoid 6,5 5,9 5,8 7,1 1,07 3,12 NS 
(live) ±0,6 ± 1,3 ±0,8 ±0,9 
Graminoid 3,3 3,6 5,2 4,4 3,94 3,12 <0,05 
(dead) ±0,2 ±0,5 ±0,4 ±0,6 
Succulent 13,2 14,8 10,4 12,9 0,43 3,6 NS 
±0,3 ±2 ,5 ±],2 ±3 ,2 
Annuals 7,9 10,2 9,1 10,9 2,06 3,12 NS 
±0,5 ±0,6 ±1,3 ±1 ,0 
Geophytes 11,8 9,8 10,5 11,7 1,22 3,12 NS 
±1,9 ±0,4 ±0,8 ±1,3 
Other 8,1 11,9 7,1 9,4 1,49 3,]2 NS 
±1,4 ±1,7 ±1,0 ±1,8 
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Significant differences in nitrogen content between 
treatments was only found for ericoid necromass, with 
the N- and P-amended plots having the highest nitrogen 
contents. Significant differences in nitrogen concen-
tration between fertilizer treatments were found for 
ericoid biomass and graminoid necromass (Table 6). 
An increase in the NIP ratio of proteoid biomass in 
response to N addition was found , whereas a decrease in 
response to P addition was found for restioid necromass 
(Table 7). The NIP ratios in the control plots of the 
ericoid , restioid and proteoid necromass were all higher 
than those of the corresponding biomass (Table 7). 
Nitrogen to phosphorus ratio in the control plots was 
lowest for proteoid biomass and highest for ericoid 
necromass (Table 7). 
Discussion 
The total above-ground biomass of 5-year-old vegetation 
in the control plots was 6 737 kg ha- 1• This is lower than 
the 7630 and 12 090 kg ha-1 found for 4- and 9-year-old 
vegetation at Pella respectively, determined on a differ-
ent soil type (Constantia: Mitchell et ai. 1986) . The 
proportion of proteoid biomass was higher at 26% and 
38% for 4- and 9-year-old vegetation respectively, 
compared with only 8% in this study. The total minus 
proteoid biomass were 5 646 and 7 497 kg ha- I for the 4-
and 9-year-old vegetation respectively, which is 
comparable with the 6 198 kg ha- 1 for 5-year-old 
vegetation in this study . No differences in soil 
phosphorus status were found between these two soil 
types (Mitchell et ai 1984) . Above-ground biomass of 
14580 kg ha-1, found in an ll-year-old sand-plain 
Table 7 Nitrogen/phosphorus ratios of above-ground 
biomass (live) and necromass (dead) of the various 
components of 5-year-old sand-plain lowland fynbos 
vegetation at Pella, south-western Cape in unfertilized 
control (C), phosphorus (P), nitrogen (N) and a mixture 
of all essential nutrients excluding N- and P- (M) 
amended plots, 1 year after nutrient additions. Values 
are means ± SEM. NS denotes not significant and -
not determined due to insufficient replication 
Treatments 
Growth 
form C P N M F d.f. P 
Ericoid (live) 37±1O 35±4 37±2 46±1O 2,62 3,12 <0,10 
Ericoid (dead) 55±8 43±5 50±5 48±9 0,64 3,12 NS 
Restioid (live) 30±5 19±2 34±5 29±4 3.38 3,12 <0,10 
Restioid (dead) 61±4 35±7 57±9 46±4 4,60 3,12 <0,05 
Proteoid (live) 12±2 17 18±2 1O±1 6 ,35 2,9 <0,05 
Proteoid (dead) 44 17 38±1 25 
Graminoid (live) 26±4 20±4 27±4 16±4 2,33 3,12 NS 
Graminoid (dead) 26±5 29±4 29±4 24±2 0,59 3,12 NS 
Succulents 38±1 20±4 27±3 26±5 2,94 3,6 <0,10 
Annuals 21±5 26±8 30±7 22±5 0,64 3,12 NS 
Geophytes 31±5 20±1 40±7 23±5 4,36 3,12 <0,10 
Other 26±1 28±4 25±3 20±2 1,75 3 ,12 NS 
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lowland fynbos site at Kraaifontein (Low 1983), is 
consistent with the Pella results , even though 90% of the 
phytomass consisted of shrubs of P. cephalantha. 
The low above-ground nutrient pools of phosphorus 
and nitrogen found in unfertilized 5-year-old vegetation 
in this study is typical of a nutrient-poor fynbos 
ecosystem. The above-ground biomass pool of nitrogen 
is comparable with that found by Low (1983) but 
phosphorus is lower when compared on a mean dry mass 
basis . 
The build-up of necromass in sand-plain lowland 
fynbos at Pella proceeds with the mortality of many of 
the early successional dominant ericoid species such as 
Lachnospermum fasciculatum and Metalasia adunca and 
Restionaceae such as Cannomois parviflora (Hoffman et 
al. 1987). The proportion of standing dead vegetation 
dry mass at Pella only increased from 16,5% to 17,6% as 
the vegetation aged from 4 to 9 years (Mitchell et al. 
1986). Early successional shrub species begin to senesce 
and die back from 3-4 years, and mortality probably 
only increases significantly again with increasing inter-
specific competition for resources between nutrient 
stress-tolerant competitors (sensu Grime 1979) when the 
vegetation ages to 20 years. Standing dead vegetation 
made up 12% of the total in an ll-year-old, sand-plain 
lowland fynbos ecosystem (Low 1983). However, in 
mountain fynbos vegetation necromass is strongly 
related to vegetation age since fire (van Wi1gen 1982). 
At the highest altitude, restionaceous and Pro tea 
laurifolia communities of a karoo-fynbos gradient, dead 
individuals comprised only 1,4% and 3,5% of total 
phytomass respectively, but increased to 19,7% in 
mountain renosterveld (Rutherford 1978). The increase 
in dead material with decreasing rainfall suggests a direct 
response to aridity (Rutherford 1978). In a southern 
Australian heathland, many understorey species reach 
their peak and die at 2-3 years of age and this was 
attributed either to natural senescence or competition 
for water and light (Specht et al. 1958). Foliar nutrient 
changes in the chaparral shrub Adenostoma fasciculatum 
associated with a fire-induced age gradient, suggest that 
nutrient limitations may be a significant factor in 
senescence (Rundel & Parsons 1980). 
The increase in the proportion of necromass in the 
fertilized plots compared with the control, may indicate 
that the vegetation is nutritionally stressed, probably as a 
result of a nutrient imbalance. Necromass in the fertil-
izer treatments tended to display higher nutrient 
contents than the control. Kummerow (1982) postulated 
that increased growth in chaparral shrubs amended with 
nutrients, resulted in less drought-resistant shrubs, as a 
result of decreased root to shoot ratios in response to 
fertilizer addition. 
Increased mean concentrations of phosphorus, in 
response to P addition, were found in the biomass of all 
growth forms sampled except the proteoid shrubs. 
Increased mean nitrogen concentrations in response to N 
addition were found only in proteoid shrubs and 
annuals. The addition of all essential nutrients other 
than Nand P (M) tended to result in higher phosphorus 
concentrations and contents in many of the growth 
S.-Afr.Tydskr. Plantk., 1989,55(2) 
forms. Therefore phosphorus uptake from the soil may 
be limited in many growth forms by a deficiency in 
nutrients other than nitrogen. However, N and not P 
addition resulted in increased shoot growth in Leuco-
spermum parde and Phylica cephalantha (Witkowski 
1988). Despite the relatively high within-treatment 
variance in phytomass, these results tend to support 
Clarkson's (1967) hypothesis for at least the typical 
restioid, ericoid and proteoid fynbos growth forms. 
Luxury consumption of nutrients is a feature of fynbos as 
well as chaparral (Rundel & Parsons 1980, 1984), and 
Australian heath lands (Specht et al. 1958). 
The decrease in NIP ratio in the necromass of the 
three major plant growth forms, compared with their 
biomass , indicates reabsorption of a greater proportion 
of phosphorus than nitrogen prior to senescence. In the 
Proteaceae, internal recycling of nitrogen from senescing 
leaves of Australian heath plants such as Banksia ornata 
is not as efficient as for phosphorus, with only 30% 
compared to 90% recycled prior to leaf abscission 
(Specht 1981). For L. parde, a withdrawal of 41% 
nitrogen and 25-50% phosphorus was found during leaf 
abscission (Mitchell et al. 1986). For Protea repens, a 
common sand-plain lowland fynbos shrub, withdrawal of 
33-66% phosphorus and only 3-25% nitrogen during 
leaf abscission was found in plants growing in lowland 
and mountain fynbos (Mitchell & Coley 1987). 
The addition of fertilizers, particularly nitrogen, 
resulted in increases in annual and graminoid phyto-
mass. These herbaceous plants showed a greater growth 
response than the shrubs, indicating that these species 
are more plastic in their responses to nutrient additions 
than shrubs. Geophytes were found to have relatively 
high nitrogen and phosphorus concentrations. Geo-
phytes in western Australia have an extremely efficient 
(80-99%) utilization of nitrogen, phosphorus and 
potassium resources in a parent corm or tuber at the start 
of the growing season and an almost equally efficient 
withdrawal of the same resources at the end of the 
growing season (Pate & Dixon 1982). The various 
growth forms appear to be better adapted for phosphor-
us than nitrogen conservation by enhanced luxury 
consumption of phosphorus and greater withdrawal 
prior to senescence and leaf abscission (Specht 1981; 
Mitchell et al. 1986; Mitchell & Coley 1987). Although 
the vegetative growth response of the various growth 
forms to nutrient additions was relatively low, with 
repeated nutrient inputs or additions of larger magnitude 
than applied in this study, the growth form composition 
of the vegetation may ultimately shift in favour of 
ephemeral, nutrient-demanding species. 
Acknowledgements 
We would like to thank A.C. Baker and J. Napier for 
assistance with field and laboratory work, W.D. Stock 
for useful comments on the manuscript, F. van der 
Heyden for the Afrikaans translation and the CSIR 
through its Fynbos Biome Project and the University of 
Cape Town for financial assistance and facilities. 
S.Afr.J. Bot., 1989,55(2) 
References 
BOUCHER, e. 1983. Floristic and structural features of the 
coastal foreland vegetation south of the Berg River, 
western Cape Province, South Africa. Bothalia 14: 
669-674. 
BOUCHER, e. & SHEPHERD, P. 1988. Plant communities 
of the Fynbos Biome intensive study site at Pella. In: A 
description of the Fynbos Biome project intensive study site 
at Pella, ed. Jarman, M.L., Occasional Report No 33, pp. 
38-76, CSIR, Pretoria. 
BROWN, G. & MITCHELL, D.T. 1986. Influence of fire on 
the soil phosphorus status in sand-plain lowland fynbos, 
south-western Cape. S. Afr. f. Bot. 52: 67-72. 
CLARKSON, D.T. 1967. Phosphorus supply and growth rate 
in species of Agrostis L. 1. Ecol. 55: 111-118. 
GRIME, P.J . 1979. Plant strategies and vegetation processes. 
Wiley, Chichester. 
HEDDLE, E.M. & SPECHT, R.L. 1975. Dark Island heath 
(Ninety-Mile Plain, South Australia). VIII. The effects of 
fertilizers on composition and growth, 1950-1972. A ust. f. 
Bot. 23: 151-164. 
HOFFMAN, M.T., MOLL, E.J. & BOUCHER, e. 1987. 
Post-fire succession at Pella, a South African lowland 
fynbos site. S. Afr. f. Bot. 53: 370-374. 
JACKSON, M.L. 1958. Soil Chemical Analysis. Murray, 
London. 
KRUGER, F.J. 1977. A preliminary account of aerial plant 
biomass in fynbos communities of the mediterranean-type 
climate zone of the Cape Province. Bothalia 12: 301-307. 
KUMMEROW, J . ;1982 . The relation between root and shoot 
systems in chaparral shrubs. In: Proceedings of the 
symposium on dynamics and management of 
mediterranean-type ecosystems, eds, Conrad, e.E. & 
Oechel, W.e., pp. 142- 147, United States Department of 
Agriculture Forest Service, General Technical Report 
PSW-58. 
LOW, A.B. 1983. Phytomass and major nutrient pools in an 
II-year post-fire coastal fynbos community. S. Afr. f. Bot. 
2: 98-104. 
McMASTER, G.S., JOW, W.M. & KUMMEROW, J. 1982. 
Response of Adenostoma fasciculatum and Ceanothus 
greggii chaparral to nutrient additions. f. Ecol. 70: 
745-756. 
MACVICAR, e.N., DE VILLIERS, J.M., LOXTON, R.F., 
VERSTER, E., LAMBRECHTS, J.J.N ., 
MERRYWEATHER, FR., LE ROUX, J., VAN 
ROOYEN, T H. & VON M. HARMSE, H.J. 1977. Soil 
classification. A binomial system for South Africa. 
Department of Agricultural Technical Services, Pretoria. 
MITCHELL, D.T., BROWN, G. & JONGENS-ROBERTS, 
S.M. 1984. Variation of forms of phosphorus in the sandy 
soils of coastal fynbos, south-western Cape. f. Ecol. 72: 
575-584. 
MITCHELL, D.T. & COLEY, P.G.F. 1987. Litter 
production and decomposition from shrubs of Pro tea repens 
249 
growing in sand-plain lowland and mountain fynbos, south-
western Cape. S. Afr. 1. Bot. 53: 25-31. 
MITCHELL, D.T. , COLEY,P.G.F., WEBB, S. & 
ALLSOPP, N. 1986. Litter fall and decomposition 
processes in the coastal fynbos vegetation, south-western 
Cape, South Africa. f . Ecol. 74: 977-993. 
MURPHY, J. & RILEY, J.P. 1962. A modified single solution 
method for the determination of phosphate in natural 
waters. Anal. Chim. Acta 27: 31-36. 
PATE, J.S. & DIXON, K.W. 1982. Tuberous, cormous and 
bulbous plants. University of Western Australia Press, 
Nedlands. 
RUNDEL, P.W. & PARSONS, D.J. 1980. Nutrient changes 
in two chaparral shrubs along a fire-induced age gradient. 
Am. f. Bot. 67: 51-58. 
RUNDEL, P.W. & PARSONS, D.J. 1984. Post-fire uptake of 
nutrients by diverse ephemeral herbs in chamise chaparral. 
Oecologia 61: 285-288. 
RUTHERFORD, M.e. 1978. Karoo-fynbos biomass along an 
elevational gradient in the western Cape. Bothalia 12: 
555-560. 
SMITH, V.R. 1980. A phenol-hypochlorite determination of 
ammonium-nitrogen in Kjeldahl digests of plant tissue. 
Comm. Soil. Sci. PI. Anal. 11: 709-722. 
SPECHT, R.L. 1963. Dark Island heath (Ninety-Mile Plain, 
South Australia). VII . The effects of fertilizers on 
composition and growth 1950-1960. Aust.l. Bot. 11: 
67-94. 
SPECHT, R.L. 1981. Nutrient release from decomposing leaf 
litter of Banksia ornata, Dark Island heathland, South 
Australia. Aust. f. Ecol. 6: 59-63. 
SPECHT, R.L., RAYSON, P & JACKSON, M.E. 1958. 
Dark Island heath (Ninety-Mile Plain, South Australia) 
pyric succession: Changes in composition, coverage, dry 
weight and mineral nutrient status. Aust. f. Bot. 6: 59-88. 
STOCK , W.O. & LEWIS, O.A.M. 1986. Soil nitrogen and the 
role of fire as a mineralizing agent in a South African 
coastal fynbos ecosystem. f. Ecol. 74: 317-328. 
STOCK, W.O., SOMMERVILLE, J.E.M. & LEWIS, 
O.A.M. 1987. Seasonal allocation of dry mass and nitrogen 
in a fynbos endemic Restionaceae species, Thamnochortus 
punctatus Pill. Oecologia 72: 315-320. 
VAN WILGEN, B.W. 1982. Some effects of post-fire age on 
the above-ground plant biomass of fynbos (Macchia) 
vegetation in South Africa. f. Ecol. 70: 217-225. 
VAN WILGEN, B.W. & LE MAITRE, D.e. 1981. 
Preliminary estimates of nutrient levels in fynbos 
vegetation and the role of fire in nutrient cycling. S. Afr. 
For. 1. 119: 24-28. 
WITKOWSKI, E.T.F. 1988. Response of a sand-plain lowland 
fynbos ecosystem to nutrient additions. Ph.D. thesis, 
University of Cape Town. 
WITKOWSKI, E.T.F. & MITCHELL, D.T. 1987. Variations 
in soil phosphorus in the fynbos biome, South Africa. f. 
Ecol. 75: 1159-1171. 
